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GENERAL INTRODUCTION 
Success in maize (Zea mays L.) breeding depends heavily upon the 
ability to select the best genotypes to advance to the next generation. 
This is true whether the selections are for use in the recombination phase 
of recurrent selection or in the development of inbred lines for use in 
commercial hybrids. The identification of superior individuals early in 
the inbreeding process is necessary to maintain an efficient breeding 
program (Hallauer and Miranda, 1988). 
Early generation testing for yield was advocated early in the 
evolution of maize breeding as a method of identifying superior individuals 
in early inbreeding generations (Jenkins, 1935; Sprague, 1946). The 
reduced vigor from inbreeding to homozygosity, however, often prevents the 
use of individual inbred lines because of one or more undesirable 
characteristics. Proponents of inbred per se selection point to this as a 
reason for selecting lines based upon desirable traits during inbreeding. 
The possibility of using partially inbred or heterogeneous lines in 
hybrid combination has been investigated as a method to avoid the problems 
associated with highly inbred (homozygous) lines. The reasoning for such a 
proposal is that the more heterogeneous material would provide better seed 
yields, better pollen production, better stability across varying 
environmental conditions, and reduced time in the development and 
evaluation of germplasm (Wellhausen and Wortman, 1954; Loeffel, 1964, 1971; 
Stangland and Russell, 1981; Carlone and Russell, 1988, 1989). 
However, several possible disadvantages also exist with the use of 
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heterogeneous lines in hybrid combination. These would include difficulty 
in maintaining the lines without genetic changes and more variability among 
the hybrid plants. 
The genetic materials used in this study were 27 S2 lines and their Sg 
descendants from the maize population BS13(S2)C1. These lines were 
evaluated as lines per se and in testcrosses with the S2 and Sg generations 
of two lines from the maize population Lancaster Composite. The 
testcrosses were S2 x S2 and Sg x Sg. The objectives of this study were 
to: 
(1) Compare the means and correlations of the S2 x S2 and Sg x Sg 
testcrosses. 
(2) Compare the means and correlations of the S2 and Sg lines per 
se. 
(3) Evaluate S2 x S2 testcrosses as a predictor of Sg x Sg testcross 
performance. 
(4) Determine if S2 line per se performance is an adequate predictor 
of S2 X S2 and/or Sg x Sg testcross performance. 
(5) Evaluate the possible use of heterogeneous materials in hybrid 
combinations. 
Explanation of Dissertation Format 
This dissertation is divided into two sections. Section I is an 
evaluation of the comparison of S2 x S2 testcrosses with testcrosses of the 
same lines inbred to the Sg level of inbreeding. It also discusses the 
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comparisons of the lines per se and correlations among these groups of 
materials. Section II looks at these materials as potential heterogeneous 
parents and hybrids compared to their homozygous counterparts. 
Each of these sections is written in journal article form and will be 
submitted for publication. An overall Summary follows Section II. The 
references cited in the General Introduction and the Literature Review are 
listed in "Additional References Cited", following the Summary. 
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LITERATURE REVIEW 
Early Generation Testing 
The purpose of early generation testing in maize is to evaluate and 
select genotypes during the early inbreeding generations. These genotypes 
are still heterozygous and therefore still segregating. Early generation 
testing is valuable because of the savings in time and resources by 
eliminating undesirable genotypes prior to the inbreeding process. 
Selection of individuals to advance in the breeding program is basic 
to maize breeding, whether the purpose is population improvement or 
developing parents for commercial hybrids. The success of recurrent 
selection depends upon the ability of the breeder to identify and discard 
undesirable segregates (Hallauer and Miranda, 1981). 
Jenkins (1935) proposed the idea of early generation testing when he 
reported that inbred lines attained individuality early in the inbreeding 
process and remained stable with further inbreeding. Sprague (1946) 
evaluated the testcrosses of SQ and derived lines from the maize 
population Iowa Stiff Stalk Synthetic and found a correlation of 0.85 for 
yield. He concluded that early testing was of value for yield. Both of 
these studies helped to initiate thoughts of evaluating combining ability 
early in the inbred development process. 
Little disagreement can be found for the value in the early 
identification of superior genotypes. In fact, early generation evaluation 
is used in most maize breeding programs (Bauman, 1981). The question has 
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been whether selection should be based upon inbred per se performance or 
testcross performance (early generation testing as used here). As a 
general rule, early generation testing involves testcrossing plants from 
the SQ through S2 generations. 
Lonnquist (1950) concluded that combining ability could be increased 
or decreased in both high and low combining lines during the inbreeding 
process. These changes were believed to be a result of selection within 
lines during inbreeding. He practiced selection for low and high combining 
ability within the through the S4 generation and used the testcross 
results to select the lines to continue in the next generation. He found 
that the lines with higher combining ability also exhibited higher 
combining ability in the generation. Lonnquist (1950) concluded that 
early generation testing was an efficient method for obtaining lines with 
high combining ability. 
The value of early generation evaluation was addressed from a gene 
action point of view by Comstock (1964). He explained that early 
generation evaluation of lines per se should more effectively utilize the 
additive genetic variance than testcrossing when selection is for combining 
ability. With no overdominance, selection should be twice as effective 
as testcrossing for changing population allelic frequencies. Russell et 
al. (1973) concluded overdominance and overdominance forms of epistasis 
were not important in two populations undergoing recurrent selection in 
their study. 
Some researchers have concluded that selection on a line per se basis 
was an effective method for improving combining value. An added benefit 
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was improvement in the performance of the lines per se. In comparing 
progeny and 3-way testcross performance, Center and Alexander (1962) found 
the correlations between the progeny and the testcross performance were 
similar to the correlations between two testcrosses involving the same 
lines. Similar results were reported by Koble and Rinke (1963). They 
found the agreement between S^ progeny and testcross performance was as 
close as the comparison between the two testcrosses they used. 
Russell and Teich (1967) found visual selection more efficient and at 
least as effective as selection among testcrosses. Carangal et al. (1971) 
reported that S^ progeny selection was somewhat better for improving yield 
of synthetics. In four cycles of recurrent selection involving synthetic 
populations of BSK, Burton et al. (1971) concluded that the S^ progeny 
method was superior to other methods for improving yield of synthetics and 
lines, and for improving combining ability with single-cross testers. 
However, when Tanner and Smith (1987) evaluated this population after eight 
cycles of selection they found no differences between selection methods. 
This was attributed to the faster gains made by the testcross method in the 
last four cycles. 
Center (1973) emphasized that testcross selection was effective for 
improving heterosis in populations because it increased the frequency of 
favorable dominant alleles for yield. However, his advanced populations 
did not improve significantly for yield, leading to the conclusion that 
testcross selection was ineffective for decreasing the frequency of 
deleterious alleles. 
Horner et al. (1973) evaluated three selection methods: S2 per se. 
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inbred tester, and the parent population as a tester, for the improvement 
of Florida 767. After five cycles of recurrent selection, all selection 
methods produced significant increases in yield, but the inbred tester 
method was significantly better than the other two methods. 
Horner et al. (1977, 1989) and Horner (1985) conducted selection in 
two broad-base subpopulations, FS8A and FS8B, developed from the broad-base 
synthetic FSHmR. One objective was to compare response to selection for S2 
progenies per se and testcross selection using inbred testers. No 
significant differences were found between selection methods after one 
cycle of selection. They concluded, however, that overall, evaluation of 
S2 progeny per se for yield appeared to be the method of choice for 
improvement of general combining ability and inbred yield. They stated 
that per se selection would be most effective for traits controlled by 
partial to complete dominance, while testcross selection would select 
alleles with overdominant effects. 
Horner et al. (1989) reported on the results of this same study after 
four cycles of selection. They reported significant improvement for both 
S2 progeny and testcross selection. Averaged over populations and testers, 
the gain in average combining ability was 4.7% cycle"^ for the testcross 
method and was 3.0% cycle"^ for the S2 progeny method. The rate of 
response between selection methods were significantly different (P-0.01). 
They concluded that nonadditive gene action in the overdominance range 
appeared to be of significance in these populations. Horner et al. (1989) 
suggested that inbreds currently in use are highly selected for both per se 
performance and combining ability resulting in fewer loci with recessive 
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alleles of negative influence. As a consequence, the heterosis of hybrids 
involving these lines may be due to a combination of dominant alleles of 
positive influence. Based upon this and other studies, they felt that the 
best explanation for the improved yield of populations per se and their 
hybrids is at least partially due to overdominance. 
Fifty lines and their Sg descendants from Iowa Stiff Stalk 
Synthetic (BSSS) were evaluated by Hallauer and Lopez-Perez (1979). They 
evaluated testcrosses using five testers among the two levels of inbreeding 
and examined their ability to rank the lines for yield. They also 
correlated the testcross results with line per se performance. The basic 
trend was positive for identifying the higher yielding Sg testcrosses based 
upon the S^ testcrosses. In addition, there was no correlation between per 
se yield and testcross yield. In general, the higher yielding S^ 
testcrosses were also the higher yielding Sg testcrosses. The genetic 
effects appeared to be primarily additive. Hallauer and Lopez-Perez (1979) 
concluded that the objective of early testing appeared valid; to identify 
the lines with above average combining ability and to continue those in the 
selection process. There was no reason to expect an exact ranking between 
the two generations. 
Most of the studies investigating the correlation of inbred 
performance with that of their testcrosses have failed to show a 
relationship strong enough to be useful for prediction purposes (Hallauer 
and Miranda, 1981). Hallauer and Miranda (1981) point out that some form 
of early testing is required in a breeding program in order to maintain 
efficiency in evaluation of germplasm. 
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Up to this point, most of the studies centered around population 
improvement and recurrent selection proj ects, which often involved broad-
based populations or synthetics. These studies also demonstrated that 
additive genetic effects were of primary importance. The fact that these 
early studies involved synthetic and broad-base populations prompted Jensen 
et al. (1983) to look at the use of early generation testing in elite 
single-cross material. Six experiments were conducted involving elite 
Pioneer inbred lines. A comparison of S2 per se selection with S2 
testcrosses gave a significant advantage to S2 testcrossing. This was 
based upon the S5 line performance for the same Sgi's. The S2 per se tests 
gave higher yielding advanced lines, while the testcrosses gave higher 
yielding hybrids. They felt the success in their experiments lie in the 
narrow genetic material used, in contrast to that of previous studies. 
They suggested that nonadditive gene action was the predominant form of the 
exploitable genetic variability in this germplasm. Their recommendation 
was to use both per se and testcross evaluation when feasible, but to give 
priority to testcross yields when making a choice between methods. 
Stangland and Russell (1981) compared twenty-two S2 x S2 crosses with 
their Sg x Sg counterparts. The mean yields of the two groups were very 
similar and no significant changes in combining ability were observed for 
the lines during inbreeding. 
Two studies investigating populations and genotypes of different eras 
also tend to support the influence of nonadditive gene action (Meghj i et 
al. 1984; Lamkey and Smith, 1987). Both studies found that the more 
recent, higher yielding genotypes also tended to have higher levels of 
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inbreeding depression. They felt this could best be explained by the 
possibility that this material was heterozygous at more loci resulting in 
the greater inbreeding depression. Horner (1989) suggests that these 
hybrids may be better performing than those of earlier eras due to 
overdominant gene action at more loci, thus still explaining the larger 
inbreeding depression. 
Smith (1986) examined the low correlation between line per se and 
testcross performance. On a theoretical basis and through the use of 
computer simulation, he reported correlations less than r-0.5 for traits 
controlled by a large number of genes with complete dominance. He 
suggested that to increase both line per se and hybrid performance, both 
per se evaluation and testcrossing would be required. 
The issue of early generation testing was addressed by Bernardo 
(1991) on a quantitative genetic theory basis. Effectiveness of early 
testing was considered to be the ability to identify partially-inbred lines 
that would also be satisfactory in testcrosses at homozygosity and also the 
probability of retaining early generation lines which are genetically 
superior when further inbred. He calculated that the genetic correlation 
between testcrosses of partially-inbred lines and their homozygous 
descendants ranges from 0.71 for to 0.99 for Sg. He states that the 
main limiting factors to early testing are nongenetic effects and that it 
should effectively identify the lines with above- and below-average 
combining ability. When the intensity of retention of lines for 
advancement is high, he felt selfing for several generations prior to 
testcrossing would improve the chances of correctly identifying the better 
performing genotypes at homozygosity. 
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The testcross performance of highly selected S3 lines and their 
original S^'s from the BS13(S2)C1 population was evaluated by Lile (1991). 
He found that selection during the inbreeding process had little effect 
upon testcross performance. Large and significant correlations between the 
S2 and Sg testcrosses were reported for grain yield, grain moisture, root 
lodging, days to anthesis, and ear height. He concluded that the results 
supported early testing as a method of discarding inferior genotypes. 
Early testing is a critical part of recurrent selection in the 
improvement of maize populations. Rodriguez and Hallauer (1991) looked at 
the effectiveness of early testing in identifying the higher yielding full-
sib families of Sg plants in a full-sib recurrent selection program. They 
compared 136 full-sib families for the SQ through the generations. 
Genetic correlations for yield were calculated for all possible comparisons 
among the five generations. The correlations were all positive, but 
decreased as the number of generations increased. To further investigate 
the use of this early testing data, they compared the 20 highest and lowest 
yielding families from each generation. Consecutive generations had the 
larger number of families in common, as suggested by the correlations. In 
comparing the SQ generation with the S4, only three of the high yielding SG 
families were present in the S4 high yielding group. Five families from 
the lowest yielding SQ group were also found in the lowest yielding S^ 
group, while three high yielding SQ families were in the S^ low yielding 
group. However, none of the low yielding SQ group were found in the S4 
high yielding group. They concluded that, although the highest yielding SQ 
families would not necessarily also be the highest yielding families in 
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advanced generations, none of the low yielding families would be high 
yielding in later generations; thus, confirming the usefulness of early 
testing to eliminate the low yielding families prior to recombination. 
Utilizing Heterogeneous Lines 
Performance of inbred lines is an important factor in the production 
of maize hybrids. This is especially important in single-cross hybrids 
because the lines serve as the direct source of the hybrid seed. Some 
researchers have suggested the possible use of heterogeneous lines for the 
production of hybrids. 
Davis (1934) crossed S2 lines selected from area cultivars based on 
their combining ability. When crossed to a popular local cultivar, the 
resulting crosses were significantly higher yielding than the open-
pollinated cultivars popular at the time. When inbred to the 
generation, the resulting crosses gave no yield advantage over the S2 
crosses. 
Lindstrom (1939) reported on the very low percentage of acceptable 
inbred lines coming from USDA and agricultural experiment station programs. 
He speculated that intensive inbreeding was responsible for the fixation of 
a few poor genes early on. This report of the early effort in the public 
maize breeding sector indicates the problems associated with intensive 
inbreeding with the objective of recovering suitable material for use in a 
breeding program. 
Kinman (1952) developed a composite sibbing program in which the lines 
were reproduced by sibmating lines for three generations. These were 
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compared to lines developed by inbreeding from the same F2 plants as the 
sibmated lines. Although the sibbed lines exhibited more variability, they 
were better than the selfed lines for several traits. He concluded that 
this method held value for a rapid hybrid development program as well as in 
solving the problem of inferior inbred lines per se. 
The successful use of heterogeneous lines in a maize improvement 
program in Mexico was reported by Wellhausen (1954) and Wellhausen and 
Wortman (1954). Local cultivars were crossed to lines and synthetics 
were developed by crossing two of the resulting crosses. In addition, 
double and three-way crosses utilizing the lines were made, with the 
result being improved yields. Advantages to this system included better 
seed production as a result of the increased vigor of the lines and better 
flexibility in reacting to changes in disease pressures. Though more 
homozygous lines were developed that added uniformity to the hybrids 
compared to hybrids of a more heterogeneous makeup, they did not exhibit 
greater yield. When compared to local cultivars, the synthetics gave a 17% 
increase in yield, the hybrids a 34% increase, and those involving the 
homozygous lines a 33% increase. 
Several studies provide some insight into the possible use of 
heterogeneous lines in hybrid combinations and the possible deficiencies to 
such a system. Loeffel (1964) compared line single-crosses from the CQ 
and cycles of two synthetic populations with single-crosses and double-
crosses involving elite inbred lines. In general, the crosses were 
inferior to the commercial hybrids for yield and standability. 
Considerable variability was observed among the hybrids. Of concern was 
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the prevention of genetic drift in the maintenance of the lines by 
sibbing. He suggested that the use of S2 or S3 lines may be more practical 
because selection can then be practiced in the early generations of 
inbreeding. 
Loeffel (1971) studied the maintenance of lines by mass sibbing 
and also the testcross performance of lines in comparison with 
descendent lines of various levels of inbreeding. The evaluation of mass 
sibbing involved the comparison of eight lines and the S5 lines 
developed from each in testcross combinations. Four generations of sib 
increase were used and compared with single-crosses of lines after just 
one generation of sibbing. In all but one case, the additional generations 
of sibbing had a negative effect on single-cross yield that was significant 
for four of the eight lines. It was assumed that negative genetic drift 
was the cause. In the comparison of the eight lines with the S5 lines 
developed from them, the S5 lines were generally lower yielding and higher 
in harvest moisture. The S5 lines were visually selected and the best 
performing one out yielded it's counterpart. He concluded that, though 
some improvement in yield in the S5 lines was observed, visual selection 
during continuous inbreeding was not effective in improving the overall 
performance in testcrosses. The evaluation of lines per se at five levels 
of inbreeding was to determine the influence of increased homozygosity. 
Though only two lines were used, the results showed a marked decrease in 
yield per se with increased levels of inbreeding. When compared to the S5 
generation, the S4 would give 17% more seed yield, 42% for the S3, 70% for 
the $2, and 97% for the S^ generation. These differences were associated 
with the reduced vigor of more inbred lines. 
15 
Stringfield (1974) established an assortatlve mating procedure 
designed to develop more vigorous parents for use in single-cross hybrids. 
His thinking was to develop heterozygous lines which would provide more 
stability to hybrids under a range of environmental conditions. The 
results from his early work indicated little contribution to increased 
yield with higher levels of inbreeding. 
An evaluation of the per se performance of random S2 lines from the 
population BSSS was done by Stangland (1980). In comparison to Mol7, two 
of the S2 lines were significantly better yielding. Although he concluded 
that the vigor of the S2 lines would result in increased seed production, 
the maintenance of such lines would require large scale sibbing to prevent 
genetic drift and to maintain the high level of heterozygosity. 
Stangland and Russell (1981) compared 22 S2 x S2 crosses with their Sg 
X Sg counterparts and six check hybrids. They found the average yields 
of the two groups to be very similar, with the S2 x S2 hybrids more 
variable. Some changes in combining ability were observed in several lines 
during inbreeding, though none were significant. Advantages listed for the 
use of $2 single-crosses included improved seed yields and better stability 
over environments. 
The stability of, and ability to maintain the genetic makeup of, 
partially inbred lines has been one of the question marks in the use of 
heterogeneous lines in hybrid combinations. Carlone and Russell (1988) 
investigated methods for the maintenance of S2 lines and made comparisons 
to the original S2 lines. Fourteen randomly selected $2 lines from Iowa 
Stiff Stalk Synthetic (BSSS) were maintained for six generations of sib-
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mating under two strategies. One strategy involved the use of 10 plants 
per generation, the other 20 plants. In a third comparison, four of the 
lines underwent five generations of mild selection. The lines from the 
three methods of maintenance were compared to the original $2 lines, the 
seed of which was produced by one generation of sib-mating. Significant 
changes were found among the lines from the two sib-mating strategies when 
compared to the original lines, with the ten-plant method appearing less 
stable than the twenty-plant method. It was concluded that maintaining 
genetic integrity with small sample sizes could be a problem, though some 
level of mild selection may help. Additionally, they felt the reduction in 
yield and vigor of the lines was not as great as would be experienced under 
inbreeding to a homozygous level. The applicability of S2 lines to hybrid 
use would depend on the ability to maintain an acceptable level of 
combining ability. 
Using the above mentioned lines, Carlone and Russell (1989) compared 
their performance in testcrosses along with that of their Sg derivatives. 
Significant differences were measured among the groups for eight of 
fourteen traits, with grain yield being nonsignificant. Individual grain 
yield comparisons showed only one of the maintained S2 lines differed 
significantly from its original S2. Three of the Sg lines had a 
significant change. They concluded that the combining ability of the S2 
lines was not significantly affected during the maintenance procedures. 
However, changes which occurred for other traits confirmed that genetic 
changes did occur during the maintenance strategies. As in their per se 
evaluation, mild selection seemed to provide help in stabilizing the 
genetic integrity. 
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SECTION I. COMPARISON OF THE PERFORMANCE OF S2 LINES 
AND THEIR S8 DERIVATIVES FROM BS13(S2)C1 AND 
LANCASTER COMPOSITE IN S2 X S2 AND S8 X S8 
TESTCROSSES AND ON A PER SE BASIS 
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ABSTRACT 
Early generation testing for combining ability in maize is a method 
often used to eliminate inferior material from further selection and 
evaluation. The objectives of this study were to compare S2 x S2 
testcrosses with their Sg x S3 counterparts, to compare the S2 per se 
performance with their Sg derivatives, and to determine the trait 
correlations between all groups. Twenty-seven S2 lines and their Sg 
derivatives from BS13(S2)C1 were crossed to two S2 lines and their Sg 
derivatives from Lancaster Composite . The testcrosses were evaluated in a 
rectangular lattice design at three Iowa locations in 1988 and five 
locations in 1989. The 58 inbreds were evaluated in the same five 
environments as the testcrosses in 1989. The traits measured were grain 
yield, grain moisture, stand, root and stalk lodging, dropped ears, and ear 
height. Yield correlations between the S2 and Sg testcrosses for the two 
testers were 0.13 and 0.15. Although the trait correlations were largely 
positive, the S2 x S2 testcrosses were not satisfactory predictors of their 
Sg X Sg counterparts. The S2 line per se performance was a good indicator 
of the Sg derivative's per se performance. While the trait correlations 
between the S2 per se performance and their Sg testcross performance was 
generally larger than between the two testcross generations, it was not of 
a useful level. The performance of the S2 x S2 hybrids was very comparable 
to the Sg X Sg hybrids. Several significant rank changes occurred between 
the two generations of testcrosses, indicating that one or both lines 
underwent significant genetic changes during inbreeding. 
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INTRODUCTION 
The Identification of superior germplasm is the most difficult and 
important activity of a maize breeder. The selection of genotypes with 
improved traits and the expression of those traits in hybrid combination 
are the primary goals. Early identification of elite material is critical 
to the efficiency of a maize breeding program, whether the goal is 
selection of individuals in a recurrent selection program or selection of 
lines to continue in inbred development in a commercial breeding program. 
Early studies suggested that the combining ability of inbred lines 
could be evaluated in testcrosses at early levels of inbreeding (Jenkins, 
1935; Sprague, 1946). Although early testing is widely used, the procedure 
has been under continuous scrutiny during the fifty-five years since 
Jenkins' work. 
Genetical theory suggests that per se evaluation of early generation 
inbred lines would be more efficient because of the ability to utilize the 
additive genetic variance (Comstock, 1964). Another advantage is the 
ability to select individuals with more favorable agronomic 
characteristics. Various studies have demonstrated the successful use of 
inbred per se evaluation (Center and Alexander, 1962; Koble and Rinke, 
1963). 
The primary concern when evaluating partially inbred lines for 
combining ability is the stability of the combining ability during future 
generations of inbreeding. Several studies have concluded that the lines 
with good combining ability early in the inbreeding process also tend to be 
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the lines with good combining ability in the later generations of 
inbreeding (Lonnquist, 1950; Hallauer and Lopez-Perez, 1979; Lile, 1990). 
Jensen et al. (1983) suggested that the predominate form of usable 
genetic variation in elite, narrow-base germplasm was nonadditive to 
explain a significant advantage in the evaluation of S2 testcrosses over S2 
progenies per se. This conclusion was supported by Horner et al. (1989). 
After four cycles of reciprocal recurrent selection, gains from selection 
based upon testcross performance in two broad-base populations were 
significantly better than gains from the S2-progeny selection method. They 
concluded that overdominance was at least partially responsible for the 
difference between selection methods. 
The objectives of this study were to (i) compare the performance of S2 
X S2 testcrosses with the Sg x Sg testcrosses of their derivatives; (ii) 
evaluate the performance of S2 lines with their corresponding Sg 
derivatives; and (iii) determine the correlation between the inbred line 
and testcross performance. 
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MATERIALS AND METHODS 
Genetic Materials 
The genetic materials in this study originated from the populations 
BS13(S2)C1 and Lancaster Composite. The BS13(S2)C1 population was 
developed by seven cycles of half-sib recurrent selection with the double-
cross hybrid Iowa 13 as the tester followed by one cycle of S2 per se 
recurrent selection in the population Iowa Stiff Stalk Synthetic (BSSS) 
(Eberhart et al., 1973; Lamkey, et al., 1991). The S2 per se cycle was 
conducted by selecting S^ lines for resistance to European corn borer 
(Ostrinia nubilalis Hubner). 
Unselected SQ plants from BS13(S2)C1 were self-pollinated and the 
resulting S^ lines planted ear-to-row and self-pollinated the following 
year. Intensive selection was practiced within and among the S2 lines on 
an ear-to-row basis. The process was repeated with each generation of 
inbreeding up to the S3 generation. Among the traits for which selection 
was practiced were resistance to root and stalk lodging, resistance to 
first-generation European corn borer, stalk rot, nick of silking and pollen 
shed, ear and seed quality, absence of tillering, and general plant stature 
and vigor. The S2 remnant seed of these Sg lines was used to represent the 
S2 lines used in this study. Based primarily upon adequate seed amounts, 
27 lines were used to represent a selected sample of the BS13(S2)C1 
population in this study. 
Lancaster Composite was developed from 15 inbred lines of C103 
22 
background that were Intermated with five populations of Lancaster Sure 
Crop background for five generations. S]^ lines were formed and evaluated 
for maturity, pest resistance, and other important agronomic traits. Based 
upon line performance, 400 lines were advanced to the S2 generation and 
evaluated per se and in testcross combination with B73 x B84. A selection 
index was used to select fifty lines to make up the population BS26 
(Hallauer, 1986). The Lancaster lines used as testers in this study (Lane 
232 and Lane 496) are two of the fifty selected lines. 
Seed of the S2 and Sg lines was increased by sib-mating in a 25-kernel 
row. This seed was bulked to provide the source of seed for the inbred 
evaluation. At the same time, crosses were made between the BS13(S2)C1 S2 
lines and the two Lancaster 82 testers, and between the BS13(S2)C1 Sg lines 
and the two corresponding Lancaster Sg testers. Both winter and summer 
nurseries were used to increase the lines and make the testcrosses. The 
resulting hybrid seed was bulked for each combination and used in 
evaluating their testcross performance. This gave four testcrosses for 
each of the 27 BS13(S2)C1 lines: the S2 generation crossed to each of the 
two S2 testers and the Sg generation crossed to each of the two Sg testers. 
Experimental Procedures 
Two experiments were used to evaluate this material. Experiment I 
included the 27 S2 x S2 testcrosses for each of the S2 testers and the 
corresponding 27 Sg x Sg testcrosses for each of the Sg testers. In 
addition, two single-cross hybrid checks, B73 x Mol7 and NC254 x Va26, were 
included giving a total of 110 entries. 
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Experiment I was grown at three Iowa locations (Âmes, Belmond, and 
Conrad) in 1988 and at five Iowa locations (Ames, Belmond, Conrad, Ankeny, 
and Martinsburg) in 1989. 
The experimental design was a 10 x 11 rectangular lattice with two 
replications at each environment. Two-row plots were machine planted with 
a row spacing of 76 cm. Plot lengths were 5.49 m at Ames, Ankeny and 
Martinsburg and 7.32 m at Belmond and Conrad. Plots were overplanted and 
thinned to uniform stands based upon the conditions of each individual 
location. Final stands were quite uniform within locations and ranged from 
53,200 to 71,800 plants ha'^ among locations. Conventional agronomic 
practices were used at all environments. All plots were machine harvested. 
Experiment II was conducted to evaluate the performance of the lines 
per se and consisted of the 27 BS13(S2)C1 S2 lines, the 27 BS13(S2)C1 Sg 
lines, the two Lancaster $2 lines, the two Lancaster Sg lines, Va26, NC254, 
two entries of B73, and two entries of Mol7. This resulted in a total of 
64 entries. 
Experiment II was grown at the same five Iowa environments in 1989 as 
was Experiment I. The experimental design was an 8 x 8 square lattice with 
two replications at each environment. Two-row plots were machine planted 
with a row spacing of 76 cm. The plot lengths at each location were the 
same as those used for Experiment I. The experiments were bordered by 
inbred lines to minimize competition effects of the outside plots with 
vigorous hybrid materials surrounding the experiment. Plots were 
overplanted and thinned to uniform stands within each environment. Final 
stands ranged from 52,600 to 61,500 plants ha"^ among the environments. 
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All environments were treated with conventional agronomic practices. Plots 
were hand or machine harvested and machine (combine) shelled. 
Data Collection and Analysis 
Data were collected for grain yield (q ha"^), grain moisture (%), 
stand (plants ha"^), root lodging (%), stalk lodging (%), dropped ears (%), 
and ear height (cm). Measurements were taken at all environments, except 
ear height, which was measured at two environments. All locations suffered 
from the drought conditions of 1988 and 1989 to some degree. This accounts 
for some of the variability in the final stands among the environments. 
Harvested grain weight and grain moisture were taken on the combine 
and plot weight was converted to q ha'^ at 15.5% moisture. Stand was 
recorded at the 6-8 leaf stage as the number of plants per plot and then 
converted to 1,000 plants ha"^. Ear height was calculated as the average 
of measurements on 10 competitive plants per plot and was measured from the 
ground to the primary-ear node to the nearest centimeter. All other 
measurements were taken just prior to harvest. Root lodging is the 
percentage of total plants per plot leaning 30® or more from vertical. 
Stalk lodging is the number of plants per plot which had broken at or below 
the primary ear-node expressed as a percentage of the total plants per 
plot. Dropped ears are the number of ears per plot which had fallen from 
the plant and is expressed as a percentage of the total plants per plot. 
Statistical analyses were performed according to standard methods 
for a 10 X 11 lattice design for each of the eight environments in 
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Experiment I and for an 8 x 8 lattice design for each of the five 
environments in Experiment II. Combined analyses of variance were 
calculated for each of the traits using the lattice adjusted mean values 
from each environment. 
The 109 entry degrees of freedom and corresponding sums of squares for 
Experiment I were partitioned into variation among checks (1 df), 
testcrosses (107 df), and checks vs. testcrosses contrast (1 df). The 
testcrosses degrees of freedom and sums of squares were partitioned into 
sources due to variation among S2 x S2 testcrosses (53 df), among Sg x Sg 
testcrosses (53 df), and the S2 vs. Sg testcross contrast (1 df). The 
variation among testcrosses within generations was further partitioned into 
two separate comparisons. In one comparison, the variation among S2 x S2 
testcrosses was divided into variation among testcrosses within each of the 
S2 testers (26 df for each tester) and the contrast between testers (1 df). 
The variation among Sg x Sg testcrosses was similarly partitioned. In the 
other comparison, the variation among testcrosses within each generation 
was partitioned into among BS13(S2)C1 lines (26 df), among testers (1 df), 
and the lines x testers interaction (26 df). Additionally, the sums of 
squares for the contrast of S2 vs. Sg testcrosses was calculated for each 
of the two testers. 
Experiment II had 61 entry degrees of freedom which were partitioned 
into variation among checks (3 df), the checks vs. experimental lines 
contrast (1 df) and experimental lines (57 df). The experimental lines 
sums of squares were partitioned into variation among BS13(S2)Cl S2 lines 
(26 df), BS13(S2)C1 Sg lines (26 df), Lane S2 lines (1 df). Lane Sg lines 
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(1 df), and among groups (3 df). The variation among groups was further 
partitioned into the orthogonal contrasts of BS13(S2)C1 S2 versus S3 and 
Lane $2 versus S3. 
Simple correlations were calculated between the S2 and S3 testcrosses 
for the two different testers on a trait for trait basis and for yield 
versus individual traits. Correlations were also calculated for the S2 
versus S3 inbred lines on a trait for trait and trait versus yield basis. 
Additional correlations were calculated between the S2 inbreds and the 
S2 testcrosses, the S2 inbreds and the S3 testcrosses, and the S3 inbreds 
and the S3 testcrosses, as well as within these groups. 
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RESULTS 
Drought conditions during both the 1988 and 1989 growing seasons were 
present to some degree at all environments. The mean grain yield was 68.6 
q ha'l for the testcrosses (Exp I) and 34.9 q ha"^ for the inbred lines 
(Exp II). The mean grain yields for Experiment I ranged from 93.6 q ha'^ 
at Conrad in 1988 to 48.3 q ha'l at Conrad in 1989. Mean grain yields for 
the Experiment II environments ranged from 44.3 q ha"^ at Belmond to 18.6 q 
ha'l at Conrad. Coefficients of variation (CV) for grain yield ranged from 
21.8 at Belmond in 1988 to 9.3% at Conrad in 1988 for Experiment I. The CV 
for Experiment II ranged from 26.0 at Conrad to 11.4% at Belmond. 
Means 
Experiment I 
Significant differences (P<-0.05) were observed in the combined 
analysis of variance among entries and the testcrosses for all traits 
except stand (Appendix A). The contrast of checks vs. testcrosses was 
significant only for yield and the checks differed only for dropped ears. 
There were significant differences between S2 testcrosses for all 
traits except stand. Differences among lines for each of the S2 testers 
were significant for grain yield, grain moisture, stalk lodging, root 
lodging, and ear height. There were also significant differences for 
dropped ears among the Lane 496 S2 testcrosses. The contrast between the 
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two S2 testers was significant for all traits except stand and stalk 
lodging (Table 1). 
There were significant differences among the S2 lines averaged over 
testers for all traits except stand. The S2 line x tester interaction was 
significant for grain yield, grain moisture, stalk lodging, and ear height. 
There were significant differences among Sg testcrosses for all traits 
except stand and dropped ears. Differences among testcrosses within each 
of the Sg testers were significant for grain yield, grain moisture, root 
lodging, stalk lodging, and ear height (Table 1). The contrast between the 
Sg testers was significant for grain yield, grain moisture, dropped ears, 
and ear height. 
There were significant differences among the Sg lines averaged over 
testers for grain yield, stalk lodging, root lodging, and ear height. The 
measurements for the two Lancaster Sg testers showed a significant 
difference for grain yield, grain moisture, dropped ears, and ear height. 
The Sg line x tester interaction was significant for grain moisture and ear 
height. 
The contrast of S2 versus Sg testcross performance averaged over 
testers was significant only for ear height (Table 1). No significant 
differences were detected for the contrast of the Lane 232 S2 testcrosses 
versus the Lane 232 Sg testcrosses, or for the contrast of the two 
generations for the Lane 496 tester. 
The checks x environment interaction was significant only for ear 
height. The cheeks vs. testcrosses by environment interaction was 
significant for grain yield, root lodging, and ear height. The testcrosses 
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Table 1. Trait means for the Lancaster tester groups within the $2 and Sg 
testcrosses 
So Testcrosses So Testcrosses 
Trait Lane 232 Lane 496 Mean Lane 232 Lane 496 Mean 
Grain yield 
(q ha'l) 
69,44 67.06** 68.25 70.03 67.08** 68.55 
Grain moisture 20.73 
(%) 
19,86** 20.30 20.47 19.65** 20.06 
Root lodging 
(%) 
9.02 10.66** 9.84 9.26 8.89 9.07 
Stalk lodging 8.60 
(%) 
9.50 9.05 8.94 8.70 8 . 8 2  
Dropped ears 
(%) 
0.71 1.31** 1.01 0.77 1.21** 0.99 
Ear height 
(cm) 
111.02 118.43** 114.76* 108.44 112.73** 110.58 
*,** Differences between testers within generations or means over 
testers between generations were significant at the 0.05 and 0.01 
probability levels, respectively. 
by environment interaction was significant for all traits. The among the 
S2 testcrosses x environment and among the Sg testcrosses by environment 
interactions were significant for all traits. The S2 vs. Sg testcrosses x 
environment interaction was significant for all traits except ear height. 
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Experiment II 
There were significant differences for all traits for both entries and 
experimental lines (Appendix B). The inbred checks were significantly 
different for grain moisture and there were no significant differences for 
the contrast of checks vs. experimentals. There were significant 
differences for grain yield among the BS13(S2)C1 S2 lines, the BS13(S2)C1 
Sg lines, between the Lancaster S2 tester lines, and among the four groups. 
Both generations of the BS13(S2)C1 lines had significant differences for 
grain moisture. There were significant differences among the BS13(S2)Cl S2 
lines for stand. 
There were significant differences for stalk lodging among the 
BS13(S2)C1 $2 lines and the BS13(S2)C1 Sg lines. Root lodging was 
significant for the BS13(S2)C1 S2 entries, and dropped ears was significant 
for the BS13(S2)C1 Sg lines. All four groups, as well as among groups, 
showed significant differences for ear height. 
In contrasting the BS13(S2)C1 S2's versus their Sg's, significant 
differences were found for grain yield, grain moisture, and ear height 
(Table 2). The comparison between the S2 and Sg Lancaster lines was 
nonsignificant for all traits. 
The lines x environment interaction was significant for all traits. 
The checks x environment interaction was significant for all traits except 
stand and stalk and root lodging. The BS13(S2)C1 S2 lines x environment 
interaction was significant for all traits, while the BS13(S2)C1 Sg lines x 
environment interaction was significant for all traits except stalk lodging 
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Table 2, Trait means for the line per se data 
BS13(S2>C1 lines Lancaster lines 
Trait S2 Sg $2 Sg 
Grain yield 
(q ha'l) 
40, ,82** 31.21 17, ,24 15, ,17 
Grain moisture 
(%) 
21. 39** 19.99 20, ,63 18, ,14 
Root lodging 
(%) 
7, ,27 6.36 1, ,75 12 .59 
Stalk lodging 
(%) 
6, ,53 6.54 3, 38 4, ,49 
Dropped ears 
(%) 
0, ,67 0.51 0, ,93 3. ,63 
Ear height 
(cm) 
91, ,66** 81.25 67 ,15 85 .08 
** Differences between generations significant at the 0.01 probability 
levels. 
and dropped ears. The Lancaster S2 lines x environment interaction was 
significant for grain moisture, and the Sg Lancaster lines x environment 
interaction was nonsignificant for all traits. The among groups x 
environment interaction was significant for all traits. 
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Table 3. Simple (Pearson product-moment) correlations between S2 and S3 
testcrosses 
Lancaster 232 Testcrosses Lancaster 496 Testcrosses 
S2 Trait S2 Yield S2 Trait S2 Yield 
vs. vs. vs. vs. 
Trait S3 Trait S3 Trait S3 Trait S3 Trait 
Grain yield 0, ,13 - •  0, ,15 - •  
Grain moisture 0, ,16 -0, 14 0, ,31 0, ,19 
Stalk lodging 0, ,23 -0, ,26 0, ,27 -0, ,12 
Root lodging 0, ,30 0, ,03 0, ,23 -0, 45** 
Dropped ears 0, .03 -0, ,03 0, ,05 -0, ,09 
Ear height 0, 49** -0, .13 0, ,23 -0, ,19 
** Significant at the 0.01 probability level. 
Correlations 
The trait-versus-trait correlations between the S2 and S3 testcrosses 
with the Lane 232 tester ranged from 0.03 for dropped ears to 0.49** for 
ear height (Table 3). There was a positive, but nonsignificant correlation 
of S2 testcross yield with S3 testcross yield (r-0.13). Correlations 
between S2 testcross yield and S3 testcross traits were all nonsignificant 
and ranged from -0.26 for stalk lodging to 0.03 for root lodging. Among 
all the other possible correlations between the Lane 232 testcross 
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generations (data not shown), the only significant correlation was S2 
testcross ear height with Sg testcross root lodging (r-0.39*). 
The trait-versus-trait correlations between the S2 and Sg testcrosses 
with the Lane 496 tester were all nonsignificant and ranged from 0.05 for 
dropped ears to 0.31 for grain moisture (Table 3). The S2 grain yield with 
Sg grain yield correlation was positive, but nonsignificant (r-0.15). The 
correlation between Sg testcross traits and S2 testcross grain yield ranged 
from -0.45** for root lodging to 0.19 for grain moisture. Other 
correlations between S2 and Sg traits that were significant (data not 
shown) were root lodging with grain moisture (r-0.51**) and root lodging 
with dropped ears (r=--0.42*). 
The trait-for-trait correlations between S2 and Sg lines were all 
positive and ranged from 0.03 for dropped ears to 0.73** for ear height 
(Table 4). The correlations for grain yield (r-0.67**), root lodging 
(r-0.55**), and ear height (r=0.73**) were large and significant. None of 
the correlations between S2 line yield and Sg traits were significant. 
Other correlations between S2 and Sg traits that were significant were 
(data not shown) stalk lodging and ear height (r=0.51**), dropped ears and 
yield (r=0.55**), and ear height and stalk lodging (r-0.49**). 
Also of interest are the correlations between the S2 lines and the Sg 
testcross groups (Table 5). There was a significant trait-for-trait 
correlation between the S2 lines and Sg testcrosses for root lodging 
(r-0.38*) for the Lane 232 Sg testcrosses. The correlations for the other 
traits were all positive, but nonsignificant. Correlations of S2 line 
yield and the Sg testcross traits for the Lane 232 tester were all negative 
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Table 4. Simple (Pearson product-moment) correlations between S2 and Sg 

























** Significant at the 0.01 probability level. 
with the exception of dropped ears (r=0.11). The negative correlation 
between S2 line yield and Sg testcross ear height (r--0.39**) was 
significant. There was also a significant negative correlation between S2 
line grain moisture and Sg testcross root lodging (r=-0.49**). 
The trait-for-trait correlations between the S2 lines and the Lane 496 
Sg testcrosses were positive, except for dropped ears. The correlation 
between S2 line yield and the Lane 496 Sg testcross traits ranged from 
-0.54** for ear height to 0.09 for grain moisture. Only the correlation 
for ear height was significant. 
Correlations were also calculated between the Sg lines and Sg 
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Table 5. Simple (Pearson product-moment) correlations between S2 lines 
and Sg testcrosses 
Lancaster 232 testcrosses Lancaster 496 testcrosses 
S2 line trait S2 line yield S2 line trait S2 line yield 
vs. vs. vs. vs. 
Trait S2 TC trait Sg TC Trait S2 TC trait Sg TC trait 
Grain yield 0. 37 - •  0.35 - •  
Grain moisture 0. 18 -0, ,27 0.24 0, ,09 
Root lodging 0, ,38* -0. ,08 0.10 -0, ,28 
Stalk lodging 0, ,21 -0. ,36 0.16 -0, ,29 
Dropped ears 0, ,17 0, ,11 -0.23 -0, ,15 
Ear height 0, ,30 -0, 39** 0.21 -0, 54** 
*,** Significant at the 0.05 and 0.01 probability levels, 
respectively. 
testcrosses (Table 6). Several correlations were significant (P<-0.05) for 
the Lane 232 group. The significant trait-for-trait correlations included 
yield (r-0.48**), grain moisture (r=0.45*), root lodging (r=0.48**), and 
ear height (r=0.62**). Other correlations that were significant (data not 
shown) were Sg line grain moisture with Lane 232 testcross ear height 
(r-0.45*), Sg line stalk lodging with Sg testcross ear height (r=0.49**), 
and Sg line ear height with Sg testcross stalk lodging (r-0.54**). All the 
significant correlations were positive. The significant trait-for-trait 
correlations between the Sg lines and the Lane 496 testcrossses were yield 
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Table 6. Simple (Pearson product-moment) correlations between Sg lines and 
Sg testcrosses 
Lancaster 232 testcrosses Lancaster 496 testcrosses 
Sg line trait Sg line yield Sg line trait Sg line yield 
vs. vs. vs. vs. 
Trait Sg TC trait Sg TC Trait Sg TC trait Sg TC Trait 
Grain yield 0, ,48** 0.39* 
Grain moisture 0, ,45* -0, 30 0.55** 0. 19 
Root lodging 0. 
00 
0, .01 0.07 -0, 50** 
Stalk lodging 0, .33 -0, ,17 0.45* -0, 34 
Dropped ears 0, ,27 0, ,34 -0.12 -0, 04 
Ear height 0, 62** -0, ,12 0.48** -0. ,36 
*,** Significant at the 0.05 and 0.01 probability levels, 
respectively. 
(r=0.39*), grain moisture (r=0,55**), stalk lodging (r-0.45*), and ear 
height (r=0.48**). Other correlations that were significant (data not 
shown) were Sg line root lodging with Sg testcross grain moisture 
(r=0.57**), Sg line yield with Sg testcross root lodging (r--0.50**), and 
Sg line ear height with Sg testcross stalk lodging (r-0.39*). All 
significant correlations were positive except Sg line yield with Sg 
testcross root lodging. 
Correlations were also calculated among traits within the four 
testcross and two inbred groups. Significant correlations among traits 
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Table 7. Simple (Pearson product-moment) correlations between traits 
within the BS13(S2)C1 S2 and Sg line groups 
Trait 
Grain Grain Root Stalk Dropped 
yield moisture lodging lodging ears 
Grain yield 
Grain moisture -0. 22* 
-0, ,18 
Root lodging 0, ,45* 0, ,06 
0, ,29 0, ,24 
Stalk lodging -0, .13 0, ,03 -0, 07 
0, ,00 0, ,22 -0, .04 
Dropped ears 0, ,50** 0, ,06 0, .21 0, ,22 
0, .38* -0, 11 -0, .07 -0, ,07 
Ear height 0, .08 0, ,03 0, .32 0. ,61** 
0 .12 0, ,22 0, .16 0, ,63** 
0.46** 
0.34 
^First row values for each trait are for the $2 line correlations and 
the second row values are for the Sg line correlations. 
*,** Significant at the 0.05 and 0.01 probability levels, 
respectively. 
within the S2 lines were yield with root lodging (r-0.45*), yield with 
dropped ears (r=0.50*), stalk lodging with ear height (r=0.61**), and 
dropped ears with ear height (r-0.46**) (Table 7). For the Sg lines, 
traits significantly correlated were yield with dropped ears (r=0.38*) and 
stalk lodging with ear height (r-0.63**) (Table 7). 
Traits that were significantly correlated within the Lane 232 S2 
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Table 8. Simple (Pearson product-moment) correlations between traits 
within the BS13(S2)C1 $2 testcross groups 
Grain Grain Root Stalk Dropped 
Trait yield moisture lodging lodging ears 
Grain yield 
Grain moisture 0, ,35a 
-0, .04 
Root lodging -0, .20 -0, ,18 
-0, ,17 0, ,43* 
Stalk lodging -0, 67** -0, 39* 0, ,16 
-0, 05 0, ,00 0, ,10 
Dropped ears 0 ,09 -0, ,12 0, ,15 -0. ,02 
-0 .09 -0, 24 0, ,36 0, ,16 
Ear height -0, .24 -0, ,17 0, ,49** 0, ,34 
-0, .40* 0, ,23 0, ,52** 0, ,37 
^First row values for each trait are for the Lane 232 testcrosses and 
the second row values are for the Lane 496 testcrosses. 
*,** Significant at the 0.05 and 0.01 probability levels, 
respectively. 
testcrosses were stalk lodging with yield (r=-0.67**), stalk lodging with 
grain moisture (r--0.39*), and root lodging with ear height (r-0.49**) 
(Table 8). Significant correlations among traits within the Lane 496 S2 
testcross group were ear height with yield (r--0.40*), ear height with root 
lodging (r-0.52**) and dropped ears (r-0.57**), and grain moisture with 
root lodging (r=0.43*) (Table 8). Significant correlations among traits 
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Table 9. Simple (Pearson product-moment) correlations between traits 
within the BS13(S2)C1 Sg testcross groups 
Grain Grain Root Stalk Dropped 
Trait yield moisture lodging lodging ears 
Grain yield 
Grain moisture 0, ,01* 
0, ,38* 
Root lodging -0, .07 0, ,07 
-0, 41** -0, ,25 
Stalk lodging -0. ,17 -0. ,14 0. ,02 
-0. ,63** -0. ,35 0. ,22 
Dropped ears 0, ,05 -0, 39* -0, ,17 -0, ,26 
-0. ,52** -0, ,22 0, ,03 0, 63** 
Ear height -0, 30 -0, 14 0. ,35 0, ,41* 
-0 ,42* -0, ,07 0. ,20 0, 54** 
^First row values for each trait are for the Lane 232 testcrosses and 
the second row values are for the Lane 496 testcrosses. 
*,** Significant at the 0.05 and 0.01 probability levels, 
respectively. 
within the Lane 232 Sg testcrosses were grain moisture with dropped ears 
(r=-0.39*) and stalk lodging with ear height (r-0.41*) (Table 9). 
Significant positive correlations among traits within the Lane 496 Sg 
testcrosses were yield with grain moisture (r-0.38*), stalk lodging with 
dropped ears (r=0.63**), stalk lodging with ear height (r-0.54**), and 
dropped ears with ear height (r-0.58**) (Table 9). Significant negative 
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Table 10. Simple (Pearson product-moment) trait-for-trait correlations 
between the S2 testcross groups and between the Sg testcross 
groups 
Between Lane 232 and Between Lane 232 and 
Trait Lane 496 S2 testcrosses Lane 496 Sg testerosses 
Grain yield 0.17 0.44** 
Grain moisture 0.13 0.24 
Root lodging 0.59** 0.22 
Stalk lodging 0.18 0.63** 
Dropped ears 0.37 -0.13 
Ear height 0.41* 0.32 
*,** Significant at the 0.05 and 0.01 probability levels, 
respectively. 
correlations were yield with root lodging (r=-0.41**), stalk lodging 
(r--0.63**), dropped ears (r--0.52**), and ear height (r--0.42*). 
Table 10 presents the trait-for-trait correlations between the testers 
within the S2 and Sg generations. All correlations were positive between 
the S2 testers. The correlation between S2 testers for root lodging 
(r-0.59**) and ear height (r-0.41*) were significant. The correlations 
between the Sg testers were positive for all traits except dropped ears. 
The correlations between Sg testers for grain yield (r-0.44*) and stalk 
lodging (r=0.63**) were significant. 
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Table 11. Simple (Pearson product-moment) correlations between traits for 
the S2 and Sg testcrosses averaged over testers 
S2 Grain Grain Root Stalk Dropped Ear 
Trait yield moisture lodging lodging ears height 
ss 
Grain yield 0. ,23 
Grain moisture -0, .08 0.27 
Root lodging -0. ,33 0.15 0.41* 
Stalk lodging -0. ,31 -0.05 -0.30 0, .33 
Dropped ears -0. ,30 0.04 -0.41* 0. ,07 0.03 
Ear height -0. ,18 -0.01 -0.09 0, .44* 0.04 
* Significant at the 0.05 probability level. 
Correlations were also calculated between the S2 and Sg testcrosses 
using means averaged over testers. The trait-for-trait correlations were 
all positive, but the correlations for S2 testcross yield with the Sg 
testcross traits were negative (Table 11). The trait-for-trait 
correlations for root lodging (r-0.41*) and ear height (r-0.39*) were 
significant. Correlations between traits for the S2 and Sg testcrosses 
averaged over testers were significant for S2 testcross root lodging with 
Sg testcross dropped ears (r—0.41*) and S2 stalk lodging with Sg ear 
height (r-0.44*) (Table 11). 
Rank correlations were also calculated for all of the above 
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comparisons. These correlations were very similar to the simple 
correlations presented. 
Individual Line Comparisons 
A comparison of the mean yield for each of the BS13(S2)C1 lines in 
each of the testcross groups is presented in Table 12. Five of the lines 
were significantly different for grain yield between the S2 and S3 
testcrosses for the Lane 232 tester. Only one of these lines decreased in 
testcross yield from the S2 to the Sg generation. The other four had 
significant increases in testcross yield from the S2 to the Sg generation. 
In contrast to the results with the Lane 232 tester, the three significant 
changes in testcross yield involving the Lane 496 tester were all decreases 
in yield from the S2 to the Sg generation. For the Lane 232 testcrosses, 
15 of the 27 lines (55.6%) were greater yielding as Sg testcrosses than as 
S2 testcrosses. For the Lane 496 tester, 12 (44.4%) of the 27 lines had 
greater yields in Sg testcrosses than in S2 testcrosses. Eight lines had 
greater Sg yields than S2 yields for both testers. 
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Table 12. Mean yields and ranks of the testcrosses for each of the 
BS13(S2)C1 lines 
Lancaster 232 Testcrosses Lancaster 496 Testcrosses 
S2 X $2 Sg X Sg $2 X S2 Sg X Sg 
Line 
Yield Rank Yield Yield Rank Yield 
(q ha'l) (q ha'l) (q ha"^) (q ha"^) 
02 65, ,2 21 11 70, ,2 59.3 26 22 65. 0 
04 75, ,2 4 2 78, ,3 66.2 17 5 70. 8 
06 67, ,6 18 12 69, ,9 70.1 6 2 72. ,7 
07 68, ,7 16 26 62, .3 65.2 19 18 66. 6 
20 59, ,9 27 4 75, ,5* 68.8 8 14 68. 1 
27 73, ,8 8 3 76, ,5 71.4 4 11 68. 5 
29 75, ,4 3 9 71, .3 67.5 11 3 71. ,0 
31 72, .8 9 5 74, ,7 62.7 24 4 70. 9 
36 70, ,9 12 1 79, ,5 65.5 18 10 68. ,6 
37 69, ,7 15 20 67 .5 58.7 27 25 58 .5 
38 75, .8 2 17 68, .8 68.1 9 17 67. 3 
39 61, ,9 25 27 62. ,2 66.2 16 24 63. 0 
42 68, .6 17 24 65, .5 66.9 14 20 65. 7 
44 66, .2 19 19 68. 6 64.4 21 6 70. 4 
45 72 ,3 11 23 66. ,3 79.0 1 12 68. ,4* 
50 70, ,2 13 10 70. ,5 63.8 22 23 63. ,5 
57 60. 3 26 13 69. 9* 69.1 7 26 58. ,5* 
62 63 .6 23 6 73 ,1* 64.6 20 9 69. 0 
65 75 .0 5 14 69. 8 67.1 13 21 65. 0 
66 69 .9 14 15 69 .6 61.3 25 7 69. 8 
80 77 .8 1 22 66. 5* 66.6 15 19 65. 8 
95 74 .9 6 16 69 ,3 75.2 2 13 68. ,3 
133 74 .2 7 8 71. 8 65.9 10 1 74. 3 
149 72 .4 10 21 66. 9 74.6 3 16 67. ,5 
152 62 .9 24 7 73. 1* 70.9 5 15 67. ,9 
157 64 .3 22 25 64 .4 67.5 12 27 56 ,8* 
158 65 .3 20 18 68 .7 63.4 23 8 69, .3 
*Significant difference between the $2 and Sg testcross means at 
the 0.05 probability level. 
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DISCUSSION 
One primary objective of this study was to compare S2 x S2 testcrosses 
with their Sg x S3 derivatives. When contrasted with each other, the only 
significant difference was in ear height, which was lower for the Sg 
testcrosses. An interesting result when comparing the Sg testcross means 
with those of the S2 testcrosses is that most of the changes are favorable: 
yield was maintained from the S2 to the Sg generation; there was a slight 
decrease in grain moisture, no dramatic changes in root and stalk lodging; 
and lower ear height (Table 1). The lack of significant differences 
between testcross means for most traits indicates that the selection 
process may have largely affected the inbred lines themselves. The lack of 
differences among trait means is similar to results from previous studies 
involving early generation testcrossses and future generation testcrosses 
(Lonnquist, 1950; Hallauer and Lopez-Perez, 1979; Lile, 1990). 
It should be noted that there was selection among and within lines 
during each generation of the inbreeding. This is illustrated by the 
significant reduction in grain moisture and ear height for the Sg lines 
compared to their S^'s (Table 2). The reduction in ear height between the 
S2 and Sg generations of the lines is also reflected in a significant 
reduction in ear height between the testcross generations. 
The value of these data would be in their ability to predict Sg x Sg 
testcross performance based upon the S2 x S2 performance. Though the 
correlations of interest were positive, most were too small to be of use in 
predicting later generation performance. This is in contrast to other 
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evaluations of early generation testing, including an evaluation of the 
BS13(S2)C1 population, which showed highly significant correlations between 
$2 and Sg testcrosses for many traits, including yield (Lile, 1990). One 
primary difference in this study was the use of the S2 generation of the 
tester line in the S2 testcrosses. 
Correlations between traits of the S2 testcrosses and Sg testcrosses 
when the data were averaged over testers improved only slightly over the 
correlations of the individual testers. Except for grain yield, the 
combined correlations were better than those between the S2 lines and the 
Sg testcrosses. But the use of two heterogeneous testers and the averaging 
of data over those testers did not provide correlations of predictive 
value. 
The correlations between the S2 testers were positive, but relatively 
small, especially for grain yield, grain moisture, and stalk lodging (Table 
10). The significant correlations for root lodging and ear height were 
still too small for prediction. The significant correlation for grain 
yield and stalk lodging between the Sg testers suggests that some stability 
has been achieved, yet the small values for the other traits indicate that 
the two testers are still not accurately evaluating the BS13(S2)C1 lines. 
When comparing the S2 and Sg testcrosses for each of the individual 
lines, yield levels did change, though only five (18.5%) were significant 
for the Lancaster 232 tester and only three (11.1%) for the Lancaster 496 
tester (Table 12). 
Of importance is the ability to predict the performance of Sg 
testcrosses using S2 testcross data. One way of evaluating this is to 
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examine the relative ranks and changes in those ranks between the S2 and Sg 
testcrosses. The relative ranks of the lines in S2 testcrosses compared to 
Sg testcrosses varied considerably in several cases for both testers. 
These data would support the conclusion of Hallauer and Miranda (1988) that 
one can not expect an exact ranking of genotypes from testcrosses involving 
two generations of inbreeding. By using the S2 x S2 data to eliminate the 
14 lower yielding lines, you would eliminate six of the top 13 yielding Sg 
X Sg testcrosses for the Lane 232 tester and seven of the top 13 for the 
Lane 496 tester. In addition, there is limited commonality between the 
lines selected by the two testers. These data would suggest that both the 
BS13(S2)C1 and Lancaster lines have undergone significant individual 
changes during the selection process. Apparently the use of a partially 
heterogeneous inbred tester (S2) would not provide enough stability to the 
predictability of the testcrosses at homozygosity and may well be a major 
confounding factor. Such a case lends itself to the previous discussions 
of the proper choice of a tester (Rawlings and Thompson, 1962; Hallauer, 
1975; Hallauer and Lopez-Perez, 1979). The fact remains that selection of 
an appropriate tester is one of the most critical decisions a maize breeder 
makes. Another complication may well be the poor environmental conditions 
encountered at all locations during the drought years of 1988-1989. 
Eliminating the lowest yielding nine Lane 232 S2 testcrosses would 
eliminate three of the top nine Sg testcrossses. Doing the same for the 
Lane 496 tester would eliminate five of the nine top yielding Sg 
testcrosses. For these eight reversals, three were observed at five of the 
nine environments, four at six environments, and one at seven environments. 
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Thus, rank changes between the S2 and Sg generations were not the result of 
a drastic change involving the influence of only one or two environments. 
The probabilities of correctly retaining early generation lines which 
will be superior at later generations are dependent upon the heritability 
of the trait, the selfing generation being testcrossed, and the selection 
intensity (Bernardo, 1991). Bernardo (1991) calculated that with a Sg 
testcross heritability of 0.25 and a selection intensity of 50%, this 
probability would be 0.67 for S2 lines, but only 0.32 with a selection 
intensity of 10%. The results of this study are somewhat below these 
values and are likely complicated not only by the S2 tester, but also the 
smaller sample size. 
The large correlations between the S2 and Sg lines per se provide 
support for the ability to select for inbred line traits early in the 
inbreeding process. However, these changes are not reflected in testcross 
performance. 
The trait-for-trait correlations of the Sg lines with their Sg x Sg 
testcrosses were significant for four of the traits in each of the tester 
groups, including yield. Yet the magnitude of these correlations is also 
too low to be of predictive value. 
The correlations between the S2 lines per se and their S2 x S2 
testcrosses were greater for grain yield than those for the 82 testcrosses 
with the Sg testcrosses, though not significantly. For the other traits, 
the correlations were similar to those of the S2 testcross trait with the 
Sg testcross trait. None of the correlations was large enough to be of 
predictive value. Hallauer and Miranda (1988) reported the same result for 
various studies correlating inbred and hybrid performance. 
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A few of the correlations between traits within the Individual testers 
and within the two generations of Inbred lines were interesting. Stalk 
lodging and root lodging are significantly correlated with ear height in 
several groups. High ear placement would contribute additional leverage to 
the lower stalk and root system and could contribute to greater lodging. 
Several of the significant negative correlations involved grain yield with 
root or stalk lodging. Root and stalk lodging can contribute to the lower 
yield because of harvest losses. One other significant correlation was 
dropped ears with ear height found within the S2 lines, which had higher 
ear heights than their Sg's, and in both testcross groups for one tester. 
The logic here would be that higher ear heights would expose the ear to 
more direct wind, as well as more Indirect plant movement. As reported by 
other researchers, most correlations between traits have little value. 
Russell and Teich (1967) found that visual selection of inbred lines 
at higher populations was as effective as selection based on performance in 
testcrosses. Another study (Russell and Machado, 1978) showed little 
benefit of selection in various plant densities and small correlations 
between inbred traits and testcross yields. No conclusive trend has 
emerged from such studies. 
Perhaps the stress environments and the higher plant densities 
contributed to the higher positive correlations of the lines per se with 
their testcrosses. And it appears the heterogeneous testers confounded the 
predictive results of the testcross study. 
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SECTION II. UTILIZATION OF HETEROGENEOUS MAIZE 
LINES AND THEIR HYBRIDS 
52 
ABSTRACT 
The Inbreeding process is a costly and time consuming effort in the 
development of maize inbred lines. A potential problem with fully inbred 
lines (F-1) is inbreeding depression which results in a reduction in vigor, 
seed production, pollen production, and overall physical stature. These 
problems can influence the practical use of inbreds in hybrid combination. 
Objectives of this study were to compare the S2 x S2 testcrosses of lines 
from BS13(S2)C1 crossed with two lines from Lancaster Composite with their 
Sg X Sg counterparts, to evaluate the performance of heterogeneous (Sgi) 
lines, and to evaluate the performance of S2 x $2 hybrids. Twenty-seven S2 
lines and their Sg derivatives from BS13(S2)C1 were crossed to two S2 lines 
and their Sg derivatives from Lancaster Composite resulting in 54 S2 x S2 
and 54 Sg x Sg testcrosses. The testcrosses were evaluated in a 
rectangular lattice design at three Iowa locations in 1988 and five 
locations in 1989. The 58 inbred lines were evaluated in the same five 
environments as the testcrosses in 1989. The traits measured were grain 
yield, grain moisture, stand, root and stalk lodging, dropped ears, and ear 
height. Only ear height differences were significant when comparing the S2 
testcross group with that of the Sg testcrosses. The mean yield for the 
BS13(S2)C1 S2 lines was 40.82 q ha"^ and 31.21 q ha"^ for the Sg inbreds. 
The mean grain moisture for the Sg lines was 1.4% drier than the S2 lines. 
These differences for yield and moisture, along with ear height 
differences, were significant. The observed yield advantage for the S2 
lines would translate into significant increases in seed production 
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compared to the yield of the Sg lines. The performance of the S2 x S2 
hybrids was very comparable to the Sg x Sg hybrids. The use of inbred 
pollen parents with heterogeneous seed parents should provide improved 
uniformity to the resulting hybrids, while providing the advantage of 
increased seed yields from the heterogeneous seed parent. The question of 
maintenance of the heterogeneous lines appears to be a matter of adequate 
sample size and should be manageable in a commercial setting. 
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INTRODUCTION 
Because of hybrid vigor, single-cross hybrids have become the 
predominate maize cultivar grown in farmer's fields. Prior to the I960's, 
the use of double-cross hybrids permitted the use of high-yielding, 
vigorous single-cross parents for the production of hybrid seed. With the 
switch to single-cross hybrids came the problem of producing seed with 
inbred lines. Single-cross seed production increases the importance of 
inbred line per se characteristics, such as seed yield and pollen 
production, while still trying to select for superior combining ability. 
Unfortunately, these desirable inbred traits are susceptible to the 
inbreeding process, which often reduces them to levels of questionable 
value. Decreased seed yields and reduced pollen production in homozygous 
lines often renders them unsuitable for practical use, regardless of how 
superior their combining value may be. 
Several investigations have been made into the potential use of 
partially inbred lines for use as hybrid seed parents. Stangland and 
Russell (1981) found that S2 x S2 crosses performed as well as their Sg x 
Sg derivatives and were similar in uniformity to the double-cross checks. 
Others have reported positive results from the use of heterogeneous (S^) 
lines in hybrids (Wellhausen and Wortman, 1954; Loeffel, 1971). 
One of the primary concerns with using heterogeneous lines is the 
ability to maintain the genetic integrity of the lines and thus maintain 
the level of combining ability. This potential problem was addressed by 
Loeffel (1971) who used sibbing to maintain the S]^ lines used in the 
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hybrids and found that changes in combining ability occurred when compared 
to the original lines. Wellhausen et al. (1955) also found that 
maintenance of lines affects combining ability and suggested genetic 
drift and selection during maintenance to be the cause. Stangland and 
Russell (1981) observed nonsignificant changes in the combining ability of 
lines during inbreeding, Carlone and Russell (1988, 1989) studied three 
maintenance procedures and concluded that the combining ability of the S2 
lines was not significantly altered during maintenance; however, changes in 
other traits confirmed that genetic changes did occur. They state that the 
success of the S2 hybrids would be dependent upon the ability to maintain 
combining ability. 
The objective of this study was to investigate the performance of S2 x 
S2 hybrids compared to their Sg x Sg derivatives and commercial hybrids and 
to evaluate the S2 lines as potential seed parents compared to their Sg 
derivatives. 
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MATERIALS AND METHODS 
Genetic Materials 
The genetic materials in this study originated from the populations 
BS13(S2)C1 and Lancaster Composite. The BS13(S2)C1 population was 
developed by seven cycles of half-sib recurrent selection with the double-
cross hybrid Iowa 13 as the tester and one cycle of S2 progeny recurrent 
selection from the population Iowa Stiff Stalk Synthetic (BSSS) (Eberhart 
et al., 1973; Lamkey et al., 1991). Intensive selection was practiced 
within and among the lines on an ear-to-row basis. The process was 
repeated with each generation of inbreeding up to the Sg generation. A 
detailed description of the procedure used to develop the lines is given by 
Bohning (1991). The S2 remnant seed of these Sg lines was used to 
represent the S2 lines used in this study. Based primarily upon adequate 
seed amounts, 27 lines were used to represent a selected sample of the 
BS13(S2)C1 population in this study. 
Lancaster Composite was developed from 15 inbred lines of C103 
background that were intermated with five populations of Lancaster Sure 
Crop background for five generations. S^ lines were formed and evaluated 
for maturity, pest resistance, and other agronomic traits of importance. 
Based upon S]^ line performance, 400 lines were advanced to S2 and evaluated 
per se and in testcross combination with B73 x B84. A selection index was 
used to select fifty lines to make up the population BS26 (Hallauer, 1986). 
The two lancaster lines used as testers in this study (Lane 232 and Lane 
496) are two of the fifty selected lines. 
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The $2 and Sg lines were sib increased in a 25-kernel row to provide 
sufficient quantities of seed. This seed was bulked to provide the source 
of seed for the inbred evaluation. At the same time, crosses were made 
between the BS13(S2)C1 S2 lines and the two Lancaster S2 testers, and 
between the BS13(S2)Cl Sg lines and the two corresponding Lancaster Sg 
testers. Both winter and summer nurseries were used to increase the lines 
and make the testcrosses. The resulting hybrid seed was bulked for each 
combination and used in evaluating their testcross performance. This gave 
four testcrosses for each of the 27 BS13(S2)C1 lines: the S2 generation 
crossed to each of the two $2 testers and the Sg generation crossed to each 
of the two Sg testers. 
Experimental Procedures 
Two experiments were used to evaluate this material. Experiment I 
included the 27 S2 x S2 testcrosses for each of the two S2 testers and the 
corresponding 27 Sg x Sg testcrosses for each of the Sg testers. In 
addition, two check single-cross hybrids, B73 x Mol7 and NC254 x Va26, were 
included giving a total of 110 entries. 
Experiment I was grown at three Iowa locations (Ames, Belmond, and 
Conrad) in 1988 and at five Iowa locations (Ames, Belmond, Conrad, Ankeny, 
and Martinsburg) in 1989. 
The experimental design was a 10 x 11 rectangular lattice with two 
replications at each environment. Two-row plots were machine planted with 
a row spacing of 76 cm. Plot lengths were 5.49 m at Ames, Ankeny and 
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Martinsburg and 7.32 m at Belmond and Conrad. Plots were overplanted and 
thinned to uniform stands based upon the conditions of each individual 
location. Final stands were uniform within locations and ranged from 
53,200 to 71,800 plants ha"^ among locations. Conventional agronomic 
practices were used at all environments. All plots were machine harvested. 
Experiment II was conducted to evaluate the performance of the lines 
per se and consisted of the 27 BS13(S2)C1 S2 lines, the 27 BS13(S2)C1 S3 
lines, the two Lancaster S2 lines, the two Lancaster S3 lines, Va26, NC254, 
two entries of B73, and two entries of Mol7. This resulted in a total of 
64 entries. 
Experiment II was grown at the same five Iowa environments in 1989 as 
was Experiment I. The experimental design was an 8 x 8 square lattice with 
two replications at each environment. Machine planted two-row plots with a 
row spacing of 76 cm were used. The plot lengths were the same as those 
used at each location for Experiment I. The experiments were bordered by 
inbred lines to minimize competition effects of the outside plots with 
vigorous hybrid materials surrounding the experiment. Plots were 
overplanted and thinned to uniform stands within each environment. Final 
stands ranged from 52,600 to 61,500 plants ha"^ among the environments. 
All environments were treated with conventional agronomic practices. Plots 
were hand or machine harvested and machine (combine) shelled. 
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Data Collection and Analysis 
Data were collected for grain yield (q ha"^), grain moisture (%), 
stand (plants ha"^), root lodging (%), stalk lodging (%), dropped ears (%), 
and ear height (cm). Measurements were taken at all environments, except 
ear height, which was measured at two environments. All locations suffered 
from the drought conditions of 1988 and 1989 to some degree. 
Harvested grain weight and grain moisture were taken on the combine 
and plot weight was converted to q ha"^ at 15.5% moisture. Stand was 
recorded at the 6-8 leaf stage as the number of plants per plot and then 
converted to 1,000 plants ha"^. Ear height was calculated as the average 
of measurements on 10 competitive plants per plot and was measured from the 
ground to the primary-ear node to the nearest centimeter. All other 
measurements were taken just prior to harvest. Root lodging is the 
percentage of total plants per plot leaning 30® or more from vertical. 
Stalk lodging is the number of plants per plot which had broken at or below 
the primary ear-node expressed as a percentage of the total plants per 
plot. Dropped ears are the number of ears per plot which had fallen from 
the plant and is expressed as a percentage of the total plants per plot. 
Statistical analyses were performed according to standard methods 
for a 10 X 11 lattice design for each of the eight environments in 
Experiment I and for an 8 x 8 lattice design for each of the five 
environments in Experiment II. Combined analyses of variance were 
calculated for each of the traits using the lattice adjusted mean values 
from each environment. A description of the partitioning of the sums of 
squares may be found in Bohning (1991). 
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RESULTS 
Drought conditions during both the 1988 and 1989 growing seasons were 
present to some degree at all environments. The mean testcross grain yield 
(Exp I) was 68.6 q ha"^ and 34.9 q ha"^ for the inbred lines (Exp II). 
Significant differences (P<-0.05) were observed among entries and 
testcrosses for all traits except stand. The contrast of checks vs. 
testcrosses was significant only for yield and the checks were 
significantly different only for dropped ears. Partitioning of the 
experimental testcrosses found no differences for stand for any group or 
comparison, but did show significant differences for many of the other 
traits. 
The contrast of S2 testcrosses vs. Sg testcrosses averaged over 
testers was significant for ear height. No differences were detected for 
any traits for the contrast of the Lane 232 S2 testcrosses with the Lane 
232 Sg testcrosses, or the S2 vs. Sg contrast for the Lane 496 tester. 
Further details may be found in Bohning (1991). 
The contrasts of the S2 and Sg testcrosses for each of the two testers 
were nonsignificant for all of the traits (Table 1). Mean grain yield for 
the Lane 232 Sg testcrosses was slightly greater than their S2 
counterparts, while the mean yield of the two Lane 496 groups were 
essentially equal. The minimum and maximum yields of the Lane 232 Sg group 
were greater than the corresponding values for the S2 group. The mean 
yield of the Lane 232 S2 and Sg testcrosses was significantly greater than 
the Lane 496 S2 and Sg testcrosses, respectively. The mean grain yield for 
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Table 1. Means, minimum and maximum, ranges, and standard errors 
(SE) for traits of S2 and Sg testcrosses of BS13(S2)C1 
Trait^ Mean ± SE Minimum Maximum Range 
Grain yield 69. ,44 + 1. 30 59, ,9 77. ,8 17. 9 
(q ha'l) 70. ,03 ± 1. 09 62. ,2 79. ,5 17. 3 
67, ,06 + 1. 15 58, ,7 79. ,0 20. 3 
67. ,08 + 1. 05 56, ,8 74. ,3 17. 5 
Grain moisture 20. ,73 ± 0. 25 18, ,5 22. ,9 4. 4 
(%) 20.47 ± 0. 28 18, ,5 23. ,2 4. 7 
19. ,87 ± 0. 24 18, ,1 21. ,2 3. 1 
19. ,65 + 0. 25 18, ,0 21. ,9 3. 9 
Root lodging 9, .02 + 0. 96 2, .3 17, ,8 15. ,5 
(%) 9, .26 ± 0. 72 5, .0 19, ,0 14. 2 
10, .66 + 1. 01 4. 7 17, .6 12. 9 
8, ,89 + 0. 77 3. 8 15, ,2 11. ,4 
Stalk lodging 8. 60 ± 0. 77 3. 9 14. 7 10. ,8 
(%) 8, .94 ± 0. 61 4, .7 13, .9 9. 2 
9, .50 + 0. ,71 6, .2 18, .1 11. ,9 
8, 70 ± 0. 72 3, .9 15, ,4 11. ,5 
Dropped ears 0, ,71 + 0. 09 0, .2 1, ,6 1. ,4 
(%) 0, ,77 + 0. 10 0, ,2 1, ,9 1. 7 
1, ,31 ± 0. 19 0, ,3 3. ,9 3. 6 
1, ,21 ± 0. 17 0.4 3, ,7 3. 3 
Ear height 111 .02 + 3. 18 97, .1 135, ,1 38. ,0 
(%) 108, .44 + 2. ,74 97, .4 123, ,8 26. ,4 
118.43 + 2. ,98 103, .9 133, ,2 29. ,3 
112, .73 + 2. 28 99, .7 125, ,9 26. 2 
^First row values for each trait are for S2 testcrosses with the Lane 
232 tester, second row values are for the Sg testcrosses with the Lane 232 
tester third row values are for the S2 testcrosses with the Lane 496 
tester, and the fourth row values are for the Sg testcrosses with the Lane 
496 tester. 
^Grain yield, grain moisture, root lodging, stalk lodging, and dropped 
ears were measured in eight environments. Ear height was measured in three 
environments. 
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the check hybrids was 80.22 q ha"^ compared to 68.25 q ha"^ for the S2 x S2 
testcrosses and 68.55 q ha"^ for the Sg x Sg testcrosses. 
The mean grain moisture decreased nonsignificantly from the S2 to the 
Sg testcrosses for both testers. Basically, there were no differences 
between the S2 and Sg minimums for each tester, although the maximum values 
were greater for both of the Sg testcross groups. The Lane 496 testcrosses 
were significantly drier than the Lane 232 testcrosses for both generations 
of inbreeding. 
For the Lane 232 testcrosses, root and stalk lodging means were 
slightly higher for the Sg than the S2 testcrosses. The opposite was true 
for the Lane 496 testcrosses, with the S2 testcrosses having 19.9% greater 
root lodging and 12.6% greater stalk lodging than the Sg testcrosses. Ear 
height decreased from the S2 to the Sg testcrosses for both testers. 
There were significant differences among all traits for both entries 
and experimental lines in Exp II. The inbred checks were significantly 
different only for grain moisture and the contrast of inbred checks vs. 
experimentals was nonsignificant for all traits. 
There were significant differences for all traits for both entries 
and experimental lines. The inbred checks were significantly different for 
grain moisture and there were no significant differences for the contrast 
of checks vs. experimentals. There were significant differences for grain 
yield among the BS13(S2)C1 S2 lines, the BS13(S2)C1 Sg lines, between the 
Lancaster S2 tester lines, and among the four groups. Both generations of 
the BS13(S2)C1 lines had significant differences for grain moisture. There 
were significant differences among the BS13(S2)C1 S2 lines for stand. 
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There were significant differences for stalk lodging among the 
BS13(S2)C1 S2 lines and the BS13(S2)C1 Sg lines. Root lodging was 
significant for the BS13(S2)C1 S2 entries, and dropped ears was significant 
for the BS13(S2)G1 Sg lines. All four groups, as well as among groups, 
showed significant differences for ear height. 
In contrasting the BS13(S2)C1 S2's versus their Sg's, significant 
differences were found for grain yield, grain moisture, and ear height The 
comparison between the S2 and Sg tester lines was not significant for all 
traits. 
The lines x environment interaction was significant for all traits. 
The checks x environment interaction was significant for all traits except 
stand and stalk and root lodging. The BS13(S2)C1 S2 lines x environment 
interaction was significant for all traits, while the BS13(S2)C1 Sg lines x 
environment interaction was significant for all traits except stalk lodging 
and dropped ears. The Lancaster S2 lines x environment interaction was 
significant for grain moisture, and the Sg Lancaster lines x environment 
interaction was nonsignificant for all traits. The among groups x 
environment interaction was significant for all traits. 
The means for all traits except stalk lodging, were significantly 
smaller for the Sg lines than the S2 lines (Table 2). Mean grain yield 
decreased 23.5% (9.61 q ha*^) from the S2 to Sg generation. The lowest 
yielding Sg line yielded less than one-half of the lowest yielding S2 line, 
while the highest yielding Sg line was 17% (10.9 q ha"^) lower yielding 
than the highest yielding S2 line. The range of Sg line yields was larger 
than that of the S2 lines. The mean grain yield was 40.82 q ha"^ for the 
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Table 2. Means, minimum and maximum, ranges, and standard errors (SE) for 
traits of the $2 and Sg inbred lines of the BS13(S2)C1 
population 
Trait^ Mean ± SE Minimum Maximum Range 
Grain yield 40. 82 ± 2. ,61 26.9 63. ,4 36.5 
(q ha "1) 31. 21 ± 2. 86 10.8 52. ,5 41.7 
Grain moisture 21. ,39 ± 0, ,73 16.6 25, .7 9.1 
(%) 19, ,99 ± 0, ,83 15.0 25, .7 10.7 
Root lodging 7. ,27 ± 1. ,58 1.1 20, .3 19.2 
(%) 6, ,36 ± 1. ,66 0.0 21, .2 21.2 
Stalk lodging 6. ,53 ± 1, ,20 2.4 17, .0 14.6 
(%) 6, .54 ± 1, .26 1.7 18 .5 16.8 
Dropped ears 0, .67 ± 0. 31 0.0 5 .3 5.3 
(%) 0, .51 + 0, .22 0.0 2 .9 2.9 
Ear height 91, .66 + 4, .86 68.6 117 .8 49.2 
(%) 81, .25 ± 5. 69 52.7 109 .2 56.5 
^First row values for each trait are for the S2 inbred lines and the 
second row values are for the Sg inbred lines. 
^Grain yield, grain moisture, root lodging, stalk lodging, and dropped 
ears were measured in eight environments. Ear height was measured in 
three environments. 
S2 inbred lines, 31.21 q ha"^ for the Sg inbred lines, 34.7 q ha"^ for 
M0I7, 39.6 q ha'l for B73, 34.9 q ha"^ for Va26 and 41.6 q ha'^ for NC254. 
The mean yield of the check inbreds was 37.6 q ha"^. 
The Sg inbreds as a group were 1.4% drier than the S2's, with a lower 
minimum and an identical maximum grain moisture compared to the S2 lines. 
Root lodging was both greatest and smallest for the Sg lines, with a 
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decline in the mean from the S^'s to the Sg's. Stalk lodging remained 
steady on the average, with the Sg inbreds again exhibiting the lowest and 
highest values for all the lines. 
For dropped ears, the mean dropped slightly from the S2 to the Sg 
level of inbreeding. Though both groups had minimums of zero dropped ears, 
the maximum value decreased from 5.3% for the S2 group to 2.9% for the Sg 
group. The highly significant reduction in mean ear height from S2 to Sg 
(11.4%) was also observed in a 23.2% (15.9 cm) reduction in the minimum 
value and a 7.3% (8.6 cm) reduction for the maximum ear height. 
Individual Line Comparisons 
The mean grain yield of the individual inbred lines at both levels of 
inbreeding are compared in Table 3. The analysis of variance found highly 
significant yield differences among all lines and between the S2 and Sg 
generations. Of the 27 BS13(S2)C1 lines, 25 of the 27 (92.6%) S2 lines 
were higher yielding than their Sg descendants. Thirteen (48.1%) of these 
comparisons were significant. For the individual lines with significantly 
higher S2 yields, the Sg lines were from 10.9 to 22.9 q ha"^ lower yielding 
than their corresponding S2 line. The average yield reduction for these 13 
lines was 15.0 q ha"^. The two Sg lines with greater yields were not 
significantly different from their S2 counterpart. 
For both of the Lancaster tester lines, the S2 was higher yielding 
than the corresponding Sg line, but the difference was not significant in 
either case. 
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Table 3. Mean grain yields of BS13(S2)C1 and Lancaster S2 and Sg 
inbred lines (q ha"^) 
Line S2 Sg 
BS13 02 47. 0* 31.3 
04 63.4* 52.5 
06 50. 9* 29.4 
07 28. 2* 10.8 
20 36. 9 33.2 
27 41. 2 40.8 
29 38, ,3 47.2 
31 38, ,0 30.8 
36 42, ,3 33.9 
37 39, ,8 38.7 
38 38, ,2 28.0 
39 35, ,0 31.3 
42 32, ,8* 21.8 
44 50, ,5* 37.8 
45 42, ,5 36.0 
50 35, ,1* 14.3 
57 31, ,2 22.6 
62 26, ,9 19.7 
65 49, ,0* 35.8 
66 46, .7* 35.0 
80 27 .6 28.3 
95 39 .7 30.9 
133 46, ,9* 34.7 
149 38, ,5 29.9 
152 46, .3* 34.0 
157 43 ,7* 20.8 
158 45, .6* 33.1 
Lane 232 19 .4 15.0 
496 16 .1 14.2 




The comparison of the mean grain yield for the two groups of S2 x 82 
testcrosses with their Sg x Sg derivatives was not significant. The 
utilization of heterogeneous inbred lines in hybrid combination would first 
depend upon satisfactory grain yield levels, along with acceptable values 
for other agronomic traits of importance. The mean trait values for the S2 
X S2 testcrosses were similar to the Sg x Sg means. Lile (1990) reported 
similar results when comparing S2 and Sg lines from the same BS13(S2)C1 
population as this study and from the population BSCB1(R)C7. He used a 
common tester to make the S2 and Sg testcrosses. Stangland and Russell 
(1981) found no difference between the mean grain yield of a group of S2 x 
S2 crosses and their Sg x Sg derivatives. 
One reason given for the use of heterogeneous lines is the increased 
seed yield obtained compared to homozygous lines (Loeffel, 1964, 1971; and 
Stangland, 1980). In the comparison of the two generations of the 
BS13(S2)C1 lines used in this study, the S2 lines outyielded their Sg 
derivatives by 9.61 q ha"^. Inbreeding to the Sg generation resulted in 
large yield reductions compared with the S2 generation in many of the 
individual lines. The increased seed yield from the use of S2 lines would 
be a significant factor in the profitability of seed production, and in 
some instances poor seed yield of homozygous lines determines whether or 
not a line is used in hybrid production. Comparable root and stalk lodging 
levels between the two generations provide additional support for the 
feasibility of heterogeneous hybrids. 
68 
The major question raised by researchers In previous studies has been 
whether the maintenance of the heterogeneous lines affects their genetic 
makeup. Loeffel (1971) experienced negative genetic drift in testcrosses 
when using four generations of sib-mating to maintain lines. Carlone 
and Russell (1988) felt the successful use of $2 lines in hybrids rested 
with the ability to maintain their combining ability. Their maintenance 
strategies included sib-mating 10 and 20 plants. 
The use of as few as 20 plants for line maintenance would not be the 
case in commercial seed production. Often, the initial quantity of breeder 
seed required for use in foundation seed production is 20 kg. This amount 
of seed would require the use of 600 plants. The only difference between 
increasing homozygous lines would be mass sibbing instead of selfing among 
the 600 plants. The increase of the 20 kg in a foundation field would have 
in excess of 60,000 plants. These numbers of plants should easily 
eliminate problems with genetic drift and enable the maintenance of high 
levels of heterozygosity. This leaves only the initial production of the 
S2 seed as a potential point for affecting the genetic makeup of the line. 
The successful use and acceptance of heterogeneous lines may well rest 
in the appearance of the hybrids in the farmer's field, rather than in the 
maintenance of the line. Testing should establish the combining ability 
and performance of such a hybrid. Large sample sizes should help reduce 
the problem of genetic changes and line maintenance problems. Hybrids from 
heterogeneous lines would likely be less uniform than the single-crosses 
farmers are accustomed to. The S2 x S2 crosses evaluated by Stangland and 
Russell (1981) were more uniform than double-crosses. The increased vigor 
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and variability in the heterogeneous lines in the seed field may pose some 
production concerns in identifying off-type and contaminate plants. The 
higher ear heights of hybrids from heterogeneous lines may make some less 
desirable. The use of elite by elite line crossses as germplasm sources 
may actually provide more uniformity in early generations than that from 
broad base populations. In fact, the relationship among the elite lines 
often used in the crosses may provide a higher level of homozygosity in the 
early selfing generations than genetic theory would predict for the S2 
generation. 
With satisfactory performance, hybrids of heterogeneous lines may well 
find acceptability in the market place, while providing economic benefits 
to the seed production industry. 
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SUMMARY 
The use of early generation testing for combining ability is an 
accepted practice for the evaluation and elimination of material from a 
breeding program. Though an exact ranking of testcrosses is not expected, 
it is assumed that the lines with poorer combining ability will be 
distinguished with the use of an appropriate tester. The per se 
performance of inbred lines is usually not a satisfactory predictor of 
their performance in hybrid combination. 
In this study S2 x S2 testcrosses were compared to their Sg x Sg 
derivatives. As a group, the early generation testcrosses were not 
significantly different from those of their homozygous derivatives. 
However, the correlations between the two generations of testcrosses were 
generally low and not of predictive value. Several significant rank 
changes occurred with individual line testcrosses from the S2 generation to 
the Sg generation. The performance of individual S2 x S2 testcrosses was 
not predictive of their Sg x Sg performance. The lack of prediction is 
probably due to significant genetic changes that occurred in the BS13(S2)C1 
lines and the two Lancaster Composite tester lines during inbreeding to 
homozygosity. 
Some maize breeders rely upon early generation per se performance to 
select lines to advance and to be evaluated in testcrosses. The 
correlations in this study between the S2 lines per se and their Sg 
testcrosses were not of predictive value. The performance of S2 lines per 
se however, was a predictor of the performance of their derivative Sg line 
per se. 
73 
The other major objective of this study was to look at the use of 
heterogeneous lines in hybrids. The major advantages to such a system 
would be increased seed yields and reduced time for the development and 
evaluation of new material. As shown in previous studies, the 
heterogeneous testcrosses in this study yielded as well as their homozygous 
derivative's testcrosses and were similar in performance for other 
agronomic traits. In addition, a significant decrease in seed yield was 
experienced in the Sg lines compared to the Sg/s. 
The ability to maintain heterogeneous lines appears to be the main 
question raised by other researchers. This appears to be a question of the 
use of an adequate sample size. The use of large numbers of plants would 
be necessary to provide adequate quantities of seed, while helping to 
diminish the threat of genetic drift and changes in combining ability. The 
acceptance of heterogeneous hybrids would depend upon satisfactory 
performance and acceptable uniformity in the farmer's field. The 
advantages to the production of hybrid seed would be realized in 
significant increases in seed yields. 
One suggestion for future study would be to investigate the use of 
heterogeneous lines from elite material used in a commercial breeding 
program. One adaptation from previous studies would be to use an inbred 
tester, thereby eliminating one source of genetic change, while still 
providing the opportunity for improved seed yields afforded by the 
heterogeneous female lines. It is suspected that the use of narrow-base, 
elite lines at early generations, along with an inbred pollinator, would 
provide a greater degree of uniformity to the resulting testcrosses. 
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APPENDIX A. ANALYSES OF VARIANCE: EXPERIMENT I 
*,** Significant at the 0.05 and 0.01 probability levels, 
respectively. 
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Table Al . Analysis of variance combined over environments for agronomic 
traits of the BS13(S2)C1 testcross experiment (Experiment I) 
Mean squares 
Grain Grain Stalk 
Source of variation df yield moisture lodging 
Entries 109 392. 
1 in 18. 49** 124, ,89** 
Checks 1 5. 96 0. 98 4, ,66 
Checks vs. testcrosses 1 4378, ,89** 3. ,81 186, ,25 
Testcrosses 107 358, ,90** 18, ,78** 125.43** 
Among S2 X S2 53 399, ,49** 17, ,61** 141, ,18** 
S2 X S2 - Lane 232 26 428, .75** 15, ,19** 152, ,09** 
S2 X $2 - Lane 496 26 338, ,66** 14, ,67** 128, ,93** 
Among S2 lines 26 448. ,00** 16, ,94** 165, ,74** 
Between S2 Testers 1 1220, .27** 157, ,25** 176, ,22 
S2 Lines x S2 Testers 26 319.41** 12, ,92** 115, ,28** 
Between S2 Groups 1 1220, .27** 157, ,24** 176, ,22 
Among Sg x Sg 53 324, 28** 19, 78** 111, ,62** 
Sg X Sg - Lane 232 26 306 ,80** 19, ,89** 94, ,25* 
Sg X Sg - Lane 496 26 282 .06** 15, 05** 132 ,77** 
Among Sg Lines 26 425 .30** 21, ,33 183, ,81** 
Between Sg Testers 1 1876, ,79** 140, ,16** 13, ,30 
Sg Lines x Sg Testers 26 163 .55 13, ,60** 43, ,21 
Between Sg Groups 1 1876 .79** 140, ,15** 13, ,30 
(S2 X S2) vs (Sg X Sg) 1 42 .00 27, ,36 23 .00 
Error 99 .13 2, 30 35, .19 
Error DF (Effective) 772 .00 772 ,00 792 .00 
(S2 X S2) vs (Sg X Sg) -Lane 232 1 77, .04 
($2 X S2) vs (Sg X Sg) -Lane 496 1 0 .16 
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Table A2. Analysis of variance combined over environments for agronomic 
traits of the BS13(S2)C1 testcross experiment (Experiment I) 
Mean squares 
Root Dropped Ear 
Source of variation df lodging ears height 
Entries 109 195, 
t 00 6, ,18** 357, ,06** 
Checks 1 6. ,84 15, ,68* 65. ,34 
Checks vs. testcrosses 1 278. ,67 8, ,54 504, ,49 
Testcrosses 107 196, ,77** 6, 07** 358.41** 
Among $2 x S2 53 254, ,03** 6, 71** 394176** 
S2 X S2 - Lane 232 26 233.43** 1. 80 364, .68** 
$2 X S2 - Lane 496 26 262, ,17** 8. 95** 270, .12** 
Among S2 Lines 26 394, ,82** 6, 77** 4417, ,82** 
Between $2 Testers 1 578, ,20** 76.44** 444, ,92** 
$2 Lines x S2 Testers 1 100. ,78 3, 97 189. 88** 
Between S2 Groups 1 3612, ,73** 76, .44** 4417, ,80** 
Among Sg x Sg 53 138, ,38* 5, .54 276, .33** 
Sg X Sg - Lane 232 26 130, ,50* 2, .52 319, 13** 
Sg X Sg - Lane 496 26 150.42* 7, ,25 186, ,81** 
Among Sg Lines 26 171, 41** 4, .16 1490 ,82** 
Between Sg Testers 1 30, ,16 39 .52** 329, .77** 
Sg Lines x Sg Testers 26 109, ,51 5, .61 176, .17** 
Between Sg Groups 1 30, ,16 39, .54** 1490, ,82** 
(S2 X S2) vs (Sg X Sg) 1 256, 22 0, ,08 2781, ,76** 
Error 52, ,35 2. 78 27, .33 
Error DF (Effective) 772 792 659 
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Table A3. Analysis of variance combined over environments for agronomic 
traits of the BS13(S2)C1 testcross experiment (Experiment I). 
Mean squares 
Grain Grain Stalk 
Source of variation df^ yield moisture lodging 
Environments x entries 763 (218) 159, ,93** 5. 51** 60, ,44** 
Checks 7 (2) 48, ,49 2. 28 19, ,84 
Checks vs, testcrosses 7 (2) 213, ,87* 2. 53 38, .77 
Testcrosses 749 (214) 160, ,47** 5. 57** 61, ,02** 
Among S2 X S2 371 (106) 161, ,29** 4. 69** 68, .47** 
Lane 232 TC 182 (52) 147, .84** 4. 84** 70, .56 
Lane 496 TC 182 (52) 134, 72** 4. 01** 60, .07 
Betweeen S2 TC groups 7 (2) 1201 ,70** 18 .53** 232 .81 
Among Sg x Sg 371 (106) 153, .42** 6. 24** 52 .72** 
Lane 232 TC 182 (52) 145, .78** 5. 71** 52, .63 
Lane 496 TC 182 (52) 152 .03** 5. 90** 51, .19 
Between Sg TC groups 7 (2) 388 .37** 29 .04** 94, ,81 
(S2 X S2) vs (Sg X Sg) 7 (2) 490 .59** 15 .91** 105, ,55** 
^Values in parenthesis are df for ear height. 
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Table A4. Analysis of variance combined over environments for agronomic 
traits of the BS13(S2)C1 testcross experiment (Experiment I) 
Mean squares 
Root Dropped Ear 
Source of variation df^ lodging ears height 
Environments x entries 763 (218) 106. 92** 3. 80** 94. 79 
Checks 7 (2) 44, .76 1. 51 135. 05 
Checks vs. testcrosses 7 (2) 470, ,23** 5. 14 530. ,64' 
Testcrosses 749 (214) 104, ,11** 3. 81** 90. ,34 
Among S2 X S2 371 (106) 120, ,83** 2. 65 94. ,03 
Lane 232 TC 182 (52) 117, ,30 1. 61 73. 32 
Lane 496 TC 182 (52) 121, .71 3. 25 111. ,12 
Betweeen $2 TC groups 7 (2) 189. 64 14 .03 188. ,29 
Among Sg x Sg 371 (106) 85, .61** 4. 87** 87. ,10 
Lane 232 TC 182 (52) 59. ,23 2. 77 62. ,59 
Lane 496 TC 182 (52) 110. 08 6. 93 100. ,80 










7 (2) 198 .26** 9 .13** 66. ,18 
^Values in parenthesis are df for ear height. 
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APPENDIX B. ANALYSES OF VARIANCE: EXPERIMENT II 
Significant at the 0.05 and 0.01 probability levels, 
respectively. 
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Table Bl. Analysis of variance combined over environments for agronomic 
traits of the inbred per se experiment (Experiment II) 
Mean squares 
Grain Grain Plant Stalk 
Source of variation df yield moisture stand lodging 




,67* 136, ,63** 
Checks 3 117, ,78 63. ,42** 7. ,85 25, .33 
Checks vs. experimentals 1 316, .08 25, .36 277, .76 100, .64 
Expérimentais 57 1156, .73** 63, .11** 89, .60* 143, .11** 
BS13 S2 26 671, .11** 53, .27** 38, .46* 143, .55** 
BS13 Sg 26 816, .46** 68, .30** 133, .18 158, ,16* 
Lane S2 1 95, ,04* 43, ,22 0, ,28 2, .88 
Lane Sg 1 16, .56 2, ,32 0, ,06 43, ,22 
Among experimental groups 3 9048, .39** 130, ,42** 214, ,83 89, ,05 
BS13 S2 vs. Sg 1 12487 .72** 266, .56** 353, .64 0, .08 
Lane S2 vs. Sg 1 42, .84 62, .00 9, .40 12, .32 
Environments x entries 244 137, .77** 8, .31** 57, .98** 59, .44** 
Checks 12 192, .15** 10, .05** 3, .31 38, ,05 
Checks vs. experimentals 4 205, .92** 23, .32** 58, .17** 26, .81 
Experimentals 228 133, .71** 7, .95** 60, ,86** 61, ,44** 
BS13 82 104 119 .09** 6, .91** 20, ,75** 37, ,26 
BS13 Sg 104 128 .32** 8. ,13** 88, .39** 89 .69 
Lane S2 4 8 .48 6, .44* 4, .07 2 .21 
Lane Sg 4 17 .87 0, .32 0, .77 6, .83 
Among groups 12 387, .52** 18, ,52** 208, 80** 58, ,37* 
Error 36 .67 1, ,93 12, ,31 28, .98 
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Table B2. Analysis of variance combined over environments for agronomic 
traits of the inbred per se experiment (Experiment II) 
Mean squares 
Root Dropped Ear 
Source of variation df lodging ears height 
Entries 61 254. 63** 9. ,18** 1169. ,67** 
Checks 3 24. 50 5. 46 1469. ,69 
Checks vs. experimentals 1 661. ,32 0, ,78 0, ,26 
Expérimentais 57 259. ,57** 9, ,52** 1174, ,29** 
BS13 S2 26 245. ,66* 9, ,22 850, ,97** 
BS13 Sg 26 272. ,00 4, ,39** 1166, ,60** 
Lane $2 1 16, ,56 0, .01 509, .60** 
Lane S8 1 29, ,28 8, ,46 863, ,60* 
Among experimental groups 3 430, ,22 60, ,13 4368, ,04** 
BS13 S2 vs. Sg 1 111, ,70 4, .42 8788, ,02** 
Lane $2 vs. Sg 1 1175, ,06 72, .90 1929, ,62 
Environments x entries 244 156, ,19** 5, .23** 94, ,91** 
Checks 12 21, .77 7 .62** 372, ,92** 
Checks vs. experimentals 4 190, ,10** 4 .53 44, ,52 
Experimentals 228 162, ,67** 5, .12** 81, .16** 
BS13 S2 104 137, .69** 6 .38** 58, .13** 
BS13 Sg 104 183, 15** 1 .89 71, ,20** 
Lane S2 4 9, ,35 0 .75 2, .25 
Lane Sg 4 7, 28 2 .58 31 .32 
Among groups 12 304, .59** 24 .57** 410 . 79** 
Error 55, ,22 2 .96 15, .57 
